To quantify the reduction in absence due to upper respiratory infections (URIs) among primary schoolgirls attending Riyadh's schools after delivering a hand hygiene workshop intervention over a period of 5 weeks.
U pper respiratory infections (URI) are common diseases observed by physicians in primary health care centers and outpatient clinics. 1 They are also common reasons for school absences as it is estimated that children have an average of 6-8 episodes every year. 2, 3 Proper hand hygiene is a recommended control measure to stop the spread of communicable diseases such as respiratory or gastrointestinal infections. [4] [5] [6] Hand hygiene intervention using education and soap or sanitizer dissemination was revealed to reduce the risk of respiratory infections by a range of 37% to 72%. [7] [8] [9] Upper respiratory infections are highly infectious among schoolchildren as they spend approximately half of their day in schools. Although URIs are usually self-limited, these infections affect students' attendance, influencing their overall learning performance. Working parents of affected children may require time off to take care of their sick children. 10 In addition, schoolchildren may be responsible for transmitting viruses to their families. 11 Up to date, no publications have been found in literature on the association between school absences and URIs in Saudi Arabia. Appropriate hand hygiene is recommended as a non-pharmacological preventive measure against respiratory infections. However, it remains a controversial issue and research on the association of these measures with URIs in Saudi schools is needed. 12 Therefore, this study aimed to report the rate of episodes and days of absences due to URIs among schoolgirls over a period of 5 weeks and to quantify their reduction after delivering a hand hygiene workshop intervention.
Methods. This study is a cluster randomized controlled trial conducted among schoolgirls between the ages of 6 to 12 years, attending 4 public primary girls' schools in the city of Riyadh, Saudi Arabia. The study was conducted between January and March, 2018.
Sample size and sampling. Assuming a URIs rate of 45% among schoolgirls and a risk ratio of 62% with an alpha level of 0.05 and a power of 80%, 8 the calculated sample size was 123 per group. To adjust for cluster sampling, the sample size was doubled to 246 participants per group and 492 in total. After taking into consideration a 20% refusal rate to participate, loss of follow-up, or withdrawal, the number of students was increased to 308 per group, totaling 616 for the whole study. A multistage cluster sampling was conducted. Riyadh city has 8 educational offices and out of these, 2 were chosen by a simple random method. The selected educational offices were Rawabi and Northern offices. Schools that previously implemented the hygiene program, "My hygiene is the secret to my health" were excluded from the list. Further, 2 primary girls' schools were chosen randomly from each selected educational office. The selection of only 2 schools per educational office is due to lack of human resources in conducting the study. The first selected school per educational office was allocated to the intervention. All schoolgirls attending the selected schools were invited to participate in the study until the targeted sample size was reached. The study was restricted to girls due to the cultural issue of females interacting with boys' schools. A Consolidated Standards of Reporting Trials (CONSORT) flow diagram of the study is described in Figure 1 .
Intervention. All schoolgirls of randomly assigned schools attended one-hour Arabic handwashing workshop conducted by the principal investigator, one week after submitting all the baseline questionnaires. 13 Workshops included 6-minute video-clip of 2 siblings that attended school-based health education about hand hygiene. One of the siblings washed her hands in required time and the other did not so he ended with having respiratory infection. Short interactive lecture was delivered about common infections in schools, methods of transmission, and a handwashing procedure using soap and water including when to wash hands. Puzzle games related to hand hygiene were distributed among schoolgirls. Posters with cartoon princesses' picture promoting hand washing were also distributed in the schools. Schoolgirls in the control group followed their usual handwashing procedure. At the end of the study, schoolgirls in the control group were exposed to the same intervention by the same investigator.
Absence data collection. The absence reports were collected weekly from the absence observation staff of all participating schools. Parents of absent schoolgirls were called by the principle investigator and asked about the reasons for the absence, symptoms of upper respiratory infections, and duration of illness.
Illness definition. The primary outcome of this study was school absence due to URIs which was defined as a student's failure to attend school due to a URI episode. The episode of URIs was defined as having 2 of the following symptoms for a day or one of the symptoms for 2 or more consecutive days: 1) a runny nose, 2) a stuffy or blocked nose or noisy breathing, 3) sneezing, Disclosure. Authors have no conflict of interests, and the work was not supported or funded by any drug company. 4) a cough, 5) a sore throat, and 6) feeling hot, having a fever or a chill. 14, 15 Outcome measures. The absence rate, incidence rate of absence, and percentage of absent days were calculated for total absences and URIs related absences. The absence rate was calculated by dividing the number of absence episodes by the number of participating schoolgirls. The percentage of absence days was calculated by dividing absence days by the possible days of attendance. The total days of attendance were calculated by multiplying the total number of schoolgirls by the number of weekdays in the study period, which was 23 days (the schools were suspended for 2 days during the follow-up period). The incidence rates of absences were calculated for every 100 schoolgirls per day by dividing the number of absence episodes by the possible days of attendance. Calculation was carried out per cluster due to small number of clusters.
Ethical approval. The proposal was reviewed and approved by the Institution Review Board Committee of King Saud University, Riyadh, Saudi Arabia Agreements from the Ministry of Education, Riyadh Regional Educational Administration; and educational offices were obtained before the beginning of the study. The trial is registered in ClinicalTrials.gov registry with registration number: NCT03535064. Informed consents were obtained from all individual participants included in the study as the parents of the schoolgirls signed consent forms attached to the questionnaires. The consent forms were similar in both the intervention and control groups. The parents of the schoolgirls were unaware of the group that their daughters would be in.
Statistical analysis. The analysis was conducted using Statistical Package for Social Science (SPSS) version 20. The baseline characteristics of both the control and intervention groups were compared using Pearson's Chi-square test (x 2 ) for categorical variables and Student's t-tests for continuous variables. A p-value of <0.05 was used as a level of significance. Due to a small number of clusters in the study, analysis of the outcome was carried out per school.
Results. One hundred and fifty-one parents of 1,114 schoolgirls did not consent their daughters' participation. A total of 496 parents participating in the study answered and returned the completed baseline questionnaires with 262 from the CG and 234 from EG. None of the schoolgirls was lost during the follow up (Figure 1) . The age of schoolgirls ranged from 6 to 12 Fisher exact test. Baseline hand hygiene score ranged from 0 to 15 and was measured by summing the responses of hand hygiene section questions: (1) before meal, (2) after meal, (3) after toilet use, (4) as soon as they arrive home, and (5) when hands get dirty. Responses were coded as; (0) never; (1) sometimes; (2) often; and (3) always. 3.97 CG -control group, EG -experimental group, *total possible attendance days: The total number of students multiplied by possible days of attendance years and the mean age was 9.5 years. Ninety percent of the schoolgirls shared their bedrooms with siblings and 17% were vaccinated against influenza. All the baseline characteristics of the schoolgirls were similar in the CG and EG as summarized in Table 1 . Water was available in all schools but none of the participating schools had soap or paper towels in the restrooms for hand washing, neither in the baseline nor after intervention. As revealed in Tables 2 & 3 , there was a total of 453 absence episodes during the study period and 5 weeks of follow-up, 15.3% (70 episodes) of those were absent due to upper respiratory infections. Approximately, two-thirds of the total absence episodes and more than two-thirds of URIs absence episodes were in the control group. Schoolgirls lost 521 days of school, of which 19.4% (101 days) were URIs-related. Schoolgirls in the CG lost 340 days, while schoolgirls in the EG lost 181 days. URIs absence days were 69 and 32 days among schoolgirls in the CG and EG, respectively.
The incidence rate and percentage of absence days for the total absences were lower in the schools in the EG during the study duration. The Incidence rate and percentage of absence days of URIs absences were also lower in the schools in the EG during the study duration. Schoolgirls in the EG had a 40% risk reduction in the absence and lose of school days. The schoolgirls in the EG had a 50% risk reduction in non-URIs absence and 50% reduction of school days lost due to URIs during the study duration. The absence rate, incidence rates, and percentages of absence days for the total absence and absence due to URIs are listed in Tables 2 & 3. Discussion. This study was conducted as a cluster randomized controlled trial to assess the effectiveness of hand hygiene education on school absences due to URIs among primary schoolgirls. A total of 496 schoolgirls and parents participated in the study (CG: 262 and EG: 234). Both the control and experimental groups were significantly similar in baseline data. The schoolgirls in the experimental group were exposed to a one-hour hand hygiene workshop. The incidence rate and percentage of absence days of total absence and URIs absence were lower in the EG during the study duration.
One study examined the seasonal variations of respiratory viruses detected from children with respiratory tract infections in the same area over the years 2013 and 2014. The study found that the number of cases with respiratory syncytial virus (RSV) was high in February and March of the 2 years. 16 Upper respiratory infections incur public costs as parents may lose workdays to take care of their children. Many physicians prescribe antibiotics for common cold patients in their clinics. 1 Upper respiratory infections are self-limiting and cause the sick students to be behind in their studies. Consequently, the other students must wait for them to catch up. 10 This study revealed that URIs were responsible for 15% of absence episodes and approximately 20% of the missed days during the study follow-up duration. These results are slightly higher than those in Egypt, where the proportion of influenza-like illness (ILI) absences to the total absences was 12%. 8 The schoolgirls in the EG had a 50% risk reduction in absence and 50% reduction in missed days during the study duration. Hand hygiene education alone was weakly productive when studied in one meta-analysis of the effect of hand hygiene education in community settings including schools. 11 The reduction of the URIs absences in the first four weeks of the Egyptian study was 40% as compared to the reduction in our study which is higher by 10%. 8 However, the results of our study correspond with the reduction of upper respiratory infections by providing soap or alcohol-based sanitizers in addition to the education. [7] [8] [9] 15, 17 Bowen et al and Azor-Martínez et al revealed a statistically significant reduction by 38% in the absence rate due to URIs in the intervention group who received education about hand hygiene as well as used hand sanitizers and soap bars that were distributed in the schools, respectively. 7, 9, 17 The 12-week intensive hand hygiene campaigns reduced the absence due to ILI by 18% among primary school students in Cairo, Egypt, in 2008. 8 Meanwhile, Sandora et al 18 did not reveal a significant reduction in absence due to URIs after providing hand sanitizers and desk disinfection wipes to school students.
Study limitations. The small number of clusters led to the incapability of applying statistical comparison between the groups. The response rate of the participants was only 51.5%, which may mean that the results cannot be generalized to all primary schoolgirls. However, higher reduction could be observed if the response rate was higher. Blinding the schoolgirls to the intervention was not possible in this trial because of the type of intervention. The URIs episodes were measured subjectively by calling the parents to ask about the symptoms and their duration. This method may be less accurate than confirmation by a medical diagnosis. However, it was the only way to collect the outcome data in this study. The short follow-up duration may have led to an overestimation of the effect as the schoolgirls may have been more likely to follow the new behavior over a brief period.
Strengths of the study. The study was designed as a cluster randomized trial to decrease the risk of contamination that could occur if schoolgirls of the same school were assigned randomly to the intervention or control groups. Poster distributions in schoolyards and restrooms of intervention schools worked as a reminder to schoolgirls to wash their hands. Parents were called within one week of the absence to reduce the chance of recall bias.
This hand hygiene education was successful in reducing absences among primary schoolgirls. Furthermore, the results of our study are essential for school health administration to develop hand hygiene education programs in schools to control the transmission of infections.
In conclusion and recommendation, school absences were reduced when schoolgirls were exposed to a hand hygiene education workshop. This reduction could have been more if the education was accompanied with the provision of soap. The study could serve as pilot for a future study with a higher budget. Sustainability of the intervention could be examined in studies with longer follow-up durations. School health administration is encouraged to adopt hand hygiene education programs by utilizing the available human resources to break the transmission chain of upper respiratory infections and decrease the absences that they cause.
